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EMPLOYING WINGS OF LOW ASFECT RATIO

SUBSONIC AND SUPERSONIC SPEEDS

By John C. Heitmeyer snd Willard G.

SUM4ARY

This report is concerned with the results of an

SDRFACE ON THE

COMBINATIONS

AT

Smith

investigation to
determine the effects of simalated skin wrinkling of the wing surfaces
on the aerodynamic characteristics of two wing~ody combinations.

The lift, drag, and pitching moment of a 10W=WQ wing+cdy combi-
nation emplo~g a plane triangular wing of aspect ratio 3 with and with–
out simulated skin wrinkles on the upper surface of the wing are presented
for a range of Mach numbers from 0.60 to 0.92 and from 1.20 to 1.90 at a
Reynolds nurriberof 4.8 million.1

The lift, drag, and pitthing q~~ of a midwing interceptor model
incorporating a plene swept wing of a&ct ratio 2 with end without skin
wrinkles on the lower surface of the wing ere presented for a range of
Mach numbers from 0.60 to 0.90 and from 1.20 to 1.70. In addition, the
variation of the hing~ment coefficient with angle of attack of two
eleven control surfaces on the swep~~ng model is presented for a Mach
nuniberof 0.90. All data for this wing were obtained at a constant
Remolds number of 2.0 million.

INTRODUCTION

It is well known that airplane wings when subJetted to loadings such
as encountered in gust and high+peed maneuvers exhibit surface wrinkling.
To determine the effect of tbme surface irregularities on the aerodynamic
characteristics of wing plan forms suitable for hi-peed flight, tests

lAt a Mach ntier of 1.90, wind-tunnel power limited the maximum test
Reynolds nuniberto 3.1 million.
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have been made at mibsonic end supersonic Mach nunibersof two wing4&ly
combinations each with and without simulated skin wrinkles on the wing
surface. A low+?ing model employing a plane triangular wing of aspect
ratio 3 and a midwing model of en interceptor airplane employing a plane
swe@ wing of aspect ratio 2 were selected for investigation, since
experimentally determined data on the shape and distribution of wrinkles
were available from static loading tests of a full+cele airplane similar
to the trisngular=wing model and from static loading tests of a prototype
airplane of the interceptor model.
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NOTA!T!IO.N

wing span

meen aerodynamic chord (-)

lift-drag ratio

maximm lift-drag ratio

Mach number
.

first moment of ere~$#~~elevon surface about hinge line
(area ahead of binge line excluded)

f!ree-streamdynemic pressure

Reynolds number basea.on the mean aerodynamic chord

total wing area including area formed by extending leading
and trailing edges to plane of symetry

()drag coefficient ~
qs

lift coefficient
()

lift
~

hinge+noment coefficient
(

hinge moment
2qMa

qE&”=#

)

.
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Cm pitching+noment coefficient dbout a horizontal axis through
the point on the body axis at the bcd.ystation correspond-
ing to the quarter point of the mean aerodynamic chord

(pitching moment
qs~ )

i

o

angle of attack of bcdy axis, degrees

@e between wing chord snd eleven chord, measured in a
plene perpendicular to the eleven hinge line, positive
for dcmnward deflecticm, degrees

Subscripts

inboard eleven

outbosrd eleven

APPARATUS

Mdel

Wrinkle &escription.- The crest+to+rest distance, amplitude, snd
location of the skin wrinkles on the upper surface of the triangular+ing
model (see fig. 1) were sceled from corresponding experimental values
obtained from a 5 g static loading of a full+cale low+ing airplane
employing a nearly triangular wing with 55° swept leed.ingedges. These
static loeding tests represented five times the loed.ingwhtch the wing
would encounter in unaccelerated level flight at a Mach number of O.~
at an altitude of 10, LX)O feet with a 33 pounds ~r square foot wing
loading.

The wrinkle pattern (see fig. 2 ) which was simulated on the lower
surface of tbe sweptiing model was scaled from a wrinkle pattern
observed during static loading tests of a prototype airplene. This
losding corresponded,to a 7 g acceleration of en airplane having a
wing loedfng of 50 pounds per squere foot, end flying at a Mach nuniber
of 0.90 at an altitude of 10,000 feet. The wrinkles appeered on the
lower surface of the wing, because the eleven download (upwerd eleven
deflection) necessary for balance at the high lift coefficients is
tr~smitted as a compression load tito the region ahead of the bin@
line on the lower surface of the wing. To simulate the flight cmilition
at which the wrinkles occurred the’model was tested with both eleven
control surfaces deflected 15~

SECURITY INT ON’
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The cross+ ecticmal sha” of the wrinkles simulated cm each umiel
was a circular arc. The crest-to+rest distance, amplitude, and
location of the wrinkles on the triangular+ing model and on the
swep-ing model are shown in figures 3 end 4, respectively. The
wrinkled surface of each model was simulated by coating the wings of
the basic models with wax from which the desired wrinkle pattern wss
cut by means of scrapers contoured to the desired cross section.

Basic models.- The imwrtsnt mometric characteristics of the
models’investigated

wing

Aspect ratio . .
Taper ratio . .

are as follows:

Triangular-wing Swept+ing
mcdel model

.,** 3

..*. o
2

0.332
Airfoil section (streetwise). NACA 0003-63 Root, NACA

000743/30+ 50

Total area, squsre feet . .
Mean aerodynamic chord, feet.
Dihedral, degrees . . . .
Csmber. . . . . . . .
Twist, degrees . . . . .
Incidence, de~ees . . . .
Distance, wing chord plene

to body axis, percent of
z., . . . . . . *

Control.surfaces

First moment of area of
inboard eleven, M% . . .

First moment of area of
outboard eleven, M%. . .

.

.—

13.7 0

None -.

None

0.00147

0.00222

.

.

s’
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Wind Tunnel end Equipment

SECURITY

The experimental investigation wae conducted in the Ames 6-by 6-foot
supersonic wind tunnel. In this tunnel, the Mach nunibercan he varied
continuously and the stagnation pressure can be regulated to maintain
a given test Reyuol.dsnunber. The air is dried to prevent formation of
condensation shocks. Further information on this tunnel is presented
in reference 1.

The models were sting mounted in the tunnel with the pitch plane
horizontal. The diameter of the straight sting used to mount the
triangular-wing model was about 93 percent of the diemeter of the body
base. A sting bent 5° in the direction of positive lift was used to
mount the swept+ing mcdel, the diameter of the sting being about
64 percent of the diameter of the body bese. ne to the lend in the
sting, the swept+ing Mel was displaced laterally about k inches from
the tunnel center line. The 4-inchafameter, four-component, str~n%=e
balemce, which was enclosed within the bcxiyof the triangular+ing model,
is described in reference 2. The 2-1/2–inchAiameter, three+ opponent,
strain+gage belence, which was enclosed within the body of the swept-wing
model, is of the same type as that described in reference 2.

TESTS AND PROC!EDURX

Range of Test Variables

The lift, drag, and pitching.moment of the triengul~+ing model
were investigated for a range of Mach nwbers from 0.60 to 0.g2, and
from 1.20 to 1.90. The data were obtained at a constsnt Reynolds ntier
of 4.8 million for all Mach numbers except 1.90. At this Mach nuuiber,
wind-tunnel power limited the test Reynolds nunher to 3.1 million. The
lift, drag, and pitching moment of the swept-wing mcdel were investigated
for a range of Mach numibersfrom 0.60 to 0.90 and from 1.20 to 1.70.
The hinge-moment characteristics of two control surfaces were also
obtained cm the swep~ing model at a Mach number of 0.90. The data for
the swept-wing model were obtained at a constant Reynolds number of
2.0 million.

Reduction of Data

The test data have been reduced to standard coefficient form. Factors
which could affect the accuracy of’these results, together with the
corrections applied, are discussed in the following paragraphs.

SECURIT’XINFC?RMATIOl?
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Tunnel-wall interference.- Corrections to the subsonic results for
the induced effects of the tumnel walls resulting from lift m the model
were made according to the methods of reference ~. The numerical values
of these corrections (which were added to the uncorrected data) for each
model were obtain’gdfrom:

‘rriarwrular+ing model Swept=wing model

AZ = 0.554 cL Lu = 0.377 CL

Mm = 0.0097 CL2 ~~ = 0,0066 CL2

No corrections were mede to the pitching+mment coefficients.

The effects of constriction of the flow at subsonic speeds by the
tumnel walls were taken into account by the method of reference 4. This
correction was calculated for conditions at zero angle of attack md was
applied throughout the angle-of-attack range. For the trisngulsr=wing
model at a Mach number of 0.90 this correction amounted to a 2-percent
increase in the Mach number and in the dynamic pressure over that
determined from a calibration of the wind tunnel without a model in
place. This correction, at a Mach number of 0.90, amnm.ted to only a
l-percent increase .inthe Mach number aud in the dynamic pressure for
the swept%ing model.

.

.

During the tests at supersonic speeds, the reflection from the
tunnel walls of the Mach vave,originating at the nose of the bdy did
not cross the model. No corrections were required, therefore, for
tunnel+all effects,

Stream variations.- No tests have been made at subsonic and super-
sonic speeds of the trianguler+ing model in both the normal and inverted
positions for the purposes of determining stream inclination and stresm
curvature. Huwever, results of similar tests of a midwing model
(reference 5) employing the same wing as the present triangular+ing model ~
have indicated at subscmic speeds a stream inclination of -0.05° end a
stream curvature capdble of producing a pitching+wment coefficient
of ~.004 at zero lift, xnd no stream inclination or stream curvature at
supersonic speeds. Tests of the swept=wing model in both the normsl and
inverted.positions at subsonic end supersonic Mach numbers have indicated
a stream inclination of less than A.lOO at subsonic speeds, and neither
stream inclination nor stream curvature at supersonic speeds. No
corrections were made to the data of either model for the effects of the
stresm irregularities at su.sonic speeds.

No measurements have been made to determine the stream curvature.in .

the yaw plane of the models at subsonic speeds. A survey of the air stream

.
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(reference 1) at
yaw plane of the

SECURITY INTCRMATION

supersonic speeds has shown a stresm curvature in the
models. The effects of this curvature on the meaeured

characteristics of the present models are not known but are believed to
%e small, as judged by the results of reference 6.

.
At subsonic speeds, the longitudinal variation of static pressure

in the region of the models is not lmown accurately at present, but a
preliminary survey haa indicated that it is less than 2 percent of the
dymmic pressure. No correction for this effect was made. The survey
of reference 1 indicated that at supersonic speeds there is a static
pressure variation in the test section of sufficient magaitude to affect “
the dreg results. A ccn?rection, N!%, was added to the measured drag
coefficient~ therefore, to account for the longitudinal buoyancy caused
by this static pressure variation. These corrections are as follows:

Trisngular+ing model

‘E

Swept=wing model

M E% M m%

1.20 0 1.20 4.0004
1.40 –.0003 1.33 -.0010
2.m .CQlo 1.50 0
l.% .0006 1.70 .0004

Support Interference.- At subsonic speeds the effects of support
interference on the aermlynsmic characteristics of the present models
sre not known. For these tailless models, it is believed that such
effects consisted primarily of a chsnge in the pressure at the bsse of
each model. In en effort to correct at least partially for this support
interference, the base pressure was measured and the drag data were
adjusted to correspond to a base pressure equal to the static pressure of
the free stresm

At supersonic speeds, the effects of support interference on a
bcdy+ting configuration similsr to that of the present models sre shown
by reference 7 to be confined to a chenge in base pressure. The previously
mentioned adjustment of the drag for base pressure, therefore, was applied
at supersonic speeds. It should be noted that the drag coefficients
presented In the present report are in essence foredrag coefficients
since the base drag, drag which a model would encounter in free flight,
is not included.
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The variation of lift coefficient with angle of attack, and the
variation of pitching+oment coefficient, drag coefficient, end lift-drag
ratio with lift coefficient for the triengular=wingmodel end for the
swep=tig model sre shown in figures 5 snd.6, respectively.

The variatim of hinge+oment coefficient with angle of attack for
the inboard eleven end for the outboard eleven of the swep+wing model
‘3s presented in figure 7.

It should be menticmed that the results as presented are for
specific wrinkle patte~ corresponding to prescribed loadings of given
wing structures. For the given wing loading end eltitude (lift
coefficient of 0.45 at a Mach nuniberof 0.60, ltft coefficient of 0.(%
at a Mach number of 1.70) the ma~or effect of tlm skin wrinkles on the
characteristics of the tri~gular-wing tiel was to increase the drag
coefficient and to decrease the lift-drag ratio at all Mach nmibers,
except at a Mach nuniberof 0.60 where no effect was indicated. The lift
end pitchi~nt characteristicswere unaffected.

For the swept+ing model with the given wing loading and altitude,
the lxalancelift coefficient at all Mach nunbers Is approximately equal
to the lift coefficient required for a 7 g acceleration. The results
indicate that at this lift coefficient the wrinkles incressed the drag
by a small smunt at supersonic Mach numbers end had neg~gible effect
on ths drag at subsonic Mach nunibers. The lift ad pitching+mment
characteristics at subsonic and supersonic Mach numbers were unaffected.
At a Mach nuniberof 0.$?0the presence of the simulated skin wrinkles
decreased slightly the Mnge+oment coefficients of each eleven control
surface.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, California
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Figure 1.– The triangular+ing model with the stiulated skin wrinkles on
the upper ting surface.
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F@ure 2.– The swept=wing model with the simulated skin wrinkles on the
lower wing suzface.
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